Fructose-6-phosphate,2-kinase and fructose-2,6-bisphosphatase were separated on the basis of charge from leaves of C3 (spinach, lettuce, and pea) and C4 (sorghum and amaranthus) plants but not from rat liver-a tissue known to contain a bifunctional enzyme with both activities. 12-32PjFructose 2,6-bisphosphate binding experiments also suggest that the major forms of these activities reside on different proteins in leaves.
+ ATP Fru 6-Pm2K Fructose 2,6-bisphosphate + ADP (1) Fructose 2,6-bisphosphate + H20 Fru 2,6-P2ase Fructose 6-phosphate + Pi (2) We have recently reported (12) that these two activities from certain leaves can be separated from one another on the basis of both charge and mol wt. The separated activities showed no detectable cross-contamination indicating that they are not present on a single bifunctional protein of the type found in liver and certain other mammalian tissues (6, 8, 17, 18, 20) .
The earlier experiments were with leaves of spinach and lettuce, both of which are C3 plants. The question arises as to the nature of these activities in leaves of other types of plants such lSupported in part by grants from the Metabolic Biology (PCM-8314892), and United States-China (INT-8311897) Programs of the National Science Foundation. 2 Abbreviations: Fru 2,6-P2, fructose 2,6-bisphosphate; Fru 6-P,2K, fructose 6-phosphate,2-kinase; Fru 2,6-P2ase, fructose 2,6-bisphosphatase; Fru 6-P, fructose 6-phosphate; FPLC, fast protein liquid chromatography. 13 as C4 plants in which there is a spatial separation between photosynthetic CO2 fixation and sucrose synthesis (7) . In addition, the Fru 6-P,2K and Fru 2,6-P2ase from a C4 plant have been found to differ in certain regulatory characteristics from their C3 counterparts (15 1 .5% (w/v) insoluble polyvinyl polypyrrolidone. Rats were killed by decapitation, the livers excised immediately, and 20 g of the tissue was extracted as described for leaves. Subsequent filtration and centrifugation of the crude extracts was as described previously for spinach leaves (12) . The resulting supernatant fractions were loaded onto DEAE-cellulose (DE-52) columns (1.5 x 15 cm for spinach and rat liver, 2.1 x 15 cm for amaranthus, sorghum, lettuce, and pea), which were developed as described previously (12) except Plant Physiol. Vol. 85, 1987 that the larger columns were eluted with a total gradient of 400 ml. Subsequent purification of the active fractions by Mono Q anion-exchange chromatography was also as previously described (12) . In the indicated experiments with spinach, the same procedure was also followed except that buffer A was replaced with the buffer described by (12) but also for another C3 species (pea) and two C4 species (amaranthus and sorghum) (Fig. 1) . These results thus strongly suggest that, in contrast to mammalian tissues, the major Fru 6-P,2K and Fru 2,6-P2ase activities do not reside on a single bifunctional protein in leaves. Significantly, our preparative procedure failed to separate the Fru 6-P,2K and Fru 2,6-P2ase activities of the bifunctional enzyme from rat liver (Fig. 1) .
As seen in Figure 1 , leaves of amaranthus resembled spinach in containing two forms of Fru 6-P,2K both of which were separated from Fru 2,6-P2ase by Mono Q chromatography. We have previously shown (12) , in agreement with others (10) , that the two forms ofspinach leafFru 6-P,2K differ in their properties.
The activity eluting at lower salt (here designated Fru Multiple forms of Fru 6-P,2K were detected in some pea leaf preparations but their instability prevented further characterization. As found previously for spinach and lettuce (12) O rified samples isolated using buffer A ( 12) or buffer B (10) . See (10) attributed this property to both forms of Fru 6-P,2K from spinach leaves. To test our preparations in this regard, we directly compared the labeling of rat liver and spinach leaf preparations by using the same amount of enzyme activity (600 pmol/min). In agreement with others (13) , our results revealed a very extensive labeling of a 58 kD polypeptide from the rat liver Fru 6-P,2K/Fru 2,6-P2ase fraction ( Fig. 2A) . However, spinach leaf Fru 6-P,2K I or II and Fru 2,6-P2ase prepared under our standard conditions (buffer A) revealed no significant labeling (Fig. 2B, lanes 1-3) . Not visible in Figure 2 but apparent after prolonged exposure to x-ray film was a faint band corresponding to a weakly labeled polypeptide at 65 kD for Fru 6-P,2K I and a single faint band at 90 kD for Fru 6-P,2K II, both prepared in buffer A. Application of the buffer described by LaRondelle et al. (10) (buffer B) to our preparation, though producing no change in the activity profile seen in Figure 1 , did reveal significant labeling of two bands of 62 and 65 kD in Fru 6-P,2K I (Fig. 2B, lane 4) but no labeling in Fru 6-P,2K II (Fig. 2B, lane 5) or Fru 2,6-P2ase (Fig. 2B, (5) , these results support our previous conclusions, based on enzyme assays, that the Fru 2,6-P2ase activity associated with the native form of spinach leaf Fru 6-P,2K (Fru 6-P,2K II) is negligible and insignificant compared to the activity of the truly bifunctional enzyme from rat liver. The absence of significant label also suggests that partially purified spinach leaf Fru 2,6-P2ase does not catalyze the hydrolysis of Fru 2,6-P2 by a mechanism involving the formation of a stable phosphoenzyme intermediate as appears to be the case for the bifunctional mammalian enzyme. The ability of Fru 6-P,2K I to catalyze phosphoenzyme formation when prepared in a different buffer system is of questionable significance as this form ofthe enzyme is considered to be minor and a degraded product of the major form (10, 12) .
At no time during purification did we observe the appearance of Fru 2,6-P2ase in a Fru 6-P,2K preparation or vice-versa, indicating that the activities measured reside on separate proteins and do not represent states of aggregation of the same protein.
Our present results do not rule out the possibility that the Fru 6-P,2K from plant leaves is capable of catalyzing the hydrolysis of Fru 2,6-P2 to fructose 2-phosphate and Pi as has been reported for the enzyme from yeast (14) . Such an activity, which would not be detected by the spectrophotometric assay currently used, may account for the low Fru 2,6-P2ase activity (Fru 2,6-P2ase bioassay based on Fru 2,6-P2 disappearance) detected by others and reported to co-chromatograph with Fru 6-P,2K (10, 16) .
In summary, the present results confirm and extend our earlier finding that the major forms of Fru 6-P,2K and Fru 2,6-P2ase occur on different proteins in leaves. It remains to be seen whether other plant tissues show similar characteristics.
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